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learning between sessions, and poor awareness of need for therapies. Elucidating the relationship between PTC and patient cooperation may facilitate treatment planning and improve functional outcomes. In this study, PTC and cooperation were measured among inpatients hospitalized after moderate to severe TBI. We hypothesized that greater confusion would be associated with poorer cooperation with therapeutic activities.
METHODS
This research study was approved by the hospital's institutional review board, in accordance with the Declaration of the World Medical Association (www.wma.net). Patient consent (or proxy consent, when applicable) was obtained for all research participants.
Participants
Participants were individuals admitted to a neurorehabilitation hospital for comprehensive inpatient TBI rehabilitation over a 6-yr period. Of 347 participants screened, 110 were eligible for study inclusion. Proxy consent was obtained for 82 of these patients. Cooperation ratings were available for 74 patients (67% of eligible participants). These 74 patients composed the study sample.
Sixty-six percent of study participants were men. Education ranged from 6 to 19 yrs (median, 12 yrs; interquartile range [IQR], 10Y12 yrs). Modes of injury included motor vehicle collision (80%), fall (11%), blunt object (4%), and other (5%). Age at injury ranged from 16 to 76 yrs (median, 28 yrs; IQR, 20Y47 yrs). Emergency department Glasgow Coma Scale (GCS) scores ranged from 3 to 14 (median, 7; IQR, 3Y9). TBI severity based on GCS scores was as follows: severe (64.9%), moderate (14.9%), mild (6.8%), and missing (13.5%). However, all patients were in a state of posttraumatic amnesia for at least 24 hrs. Based on posttraumatic amnesia length, TBI severity was classified as moderate or severe for all patients. Time between injury and rehabilitation hospital admission ranged from 4 to 62 days (median, 23 days; IQR, 16Y30 days). Rehabilitation hospital stay ranged from 9 to 44 days (median, 21 days; IQR, 15Y28 days).
Measures

Confusion Assessment Protocol
The Confusion Assessment Protocol (CAP) 3,10,11 provides a structured and repeatable method for measuring and tracking seven key symptoms of PTC: agitation, cognitive impairment, daytime hy-persomnolence, disorientation, nighttime sleep disturbance, psychotic symptoms, and symptom fluctuation. Each symptom is rated dichotomously (i.e., the symptom is either absent or present). Items are summed to obtain a total CAP rating. Scores range from 0 to 7, with higher scores indicating greater confusion severity. The CAP was developed as part of the TBI Model Systems research program, initially tested with a sample of 92 participants and cross-validated on a separate sample of 93 participants. 3 Research has supported the construct and criterion validity of the CAP. PTC classification (i.e., confused/not confused) based on the CAP was consistent with DSM-IVYbased delirium classification, with 84% overall classification accuracy. 3, 10 As expected, CAP-based PTC state classification coincided with greater TBI severity, 3Y5 longer time to follow commands, 3Y5 longer acute and rehabilitation lengths of stay, 3Y5 poorer functional status at discharge, 3Y5 and poorer employment status at 1 yr after hospital discharge. 4, 5 
Cooperation Measure
Patient cooperation was rated using a visual analog scale ranging from 0% for Bnot cooperative[ to 100% for Bfully cooperative.[ The visual analog scale was developed in collaboration with rehabilitation staff to monitor patient cooperation during rehabilitation therapies.
Procedure
Study data came from a randomized, doubleblind, placebo-controlled trial of amantadine hydrochloride for PTC symptoms. 12 Participants were enrolled after obtaining legal proxy consent provided that they met these inclusion criteria: (1) 16 years or older; (2) English speaking; (3) initial inpatient rehabilitation admission for acute nonpenetrating TBI; (4) no history of neurologic disorders or psychiatric hospitalizations; (5) less than 90 days post-TBI; (6) absence of seizures 24 hrs postinjury; (7) absence of abnormal creatinine clearance (G60 ml/min); (8) confused status upon hospital admission; and (9) responsivity, demonstrated by command following, object identification, functional object use or gestures, meaningful verbalization, or accurate yes/no responding.
The CAP was administered three times weekly by neuropsychology staff to monitor PTC resolution. Cooperation was rated by occupational therapists, physical therapists, recreation therapists, and speech therapists after each therapy session. To minimize the impact of randomization to amantadine hydrochloride on current analyses, only cooperation www.ajpmr.com ratings from days 1 and 2 of the drug trial were used. Cooperation ratings were averaged across the two days. Demographic information and injury data were obtained via review of medical records.
RESULTS
Patient cooperation was generally rated highly by rehabilitation therapists (mean [SD], 80.0 [19.1]). PTC severity (CAP total) ranged from 0 to 7 (median, 5; IQR, 3Y6). Patients were divided into three groups based on confusion severity: high severity (CAP = 6Y7, n = 22), medium severity (CAP = 4Y5, n = 32), and low severity (CAP = 0Y3, n = 20). Cooperation differed significantly between groups (F 2,71 = 10.79, P G 0.001, G p 2 = 0.23 A stepwise multiple regression was conducted to examine how well PTC severity predicted cooperation after adjustment for the potential confounding affects of age, education, days since injury, and GCS. Initial modeling began with these four univariate variables modeled against patient cooperation to ascertain each variable's contribution in predicting cooperation. Predictor variables were entered sequentially in descending order of observed effect size (i.e., beta) from the initial model. Effect sizes for each were as follows: CAP total, R 2 = 0.25; education, R 2 = 0.28; age at injury, R 2 = 0.30; GCS, R 2 = 0.33; and days since injury, R 2 = 0.33. The first regression model included only the four univariate primary variables (Table 1) . This model did not significantly predict cooperation (R 2 = 0.06, F 4,59 = 0.99, P = 0.42). The second regression equation added CAP total to the model (see Table 1 ). This model was statistically significant (R 2 = 0.33, F 1,58 = 23.55, P G 0.001, with R 2 change = 0.27).
Lastly, to appreciate the impact of each confusion symptom on cooperation, univariate correlations were conducted for each CAP symptom, using Spearman rho. Significant correlations were found for daytime hypersomnolence (Q = j0.42, P G 0.001), agitation (Q = j0.39, P = 0.001), psychotic symptoms (Q = j0.39, P = 0.001), and cognitive impairment (Q = j0.24, P = 0.04). Presence of each symptom was associated with poorer cooperation.
DISCUSSION
The results of the current study demonstrate the effects of acute confusion on patient cooperation during early neurorehabilitation. Severity of acute confusion accounted for significant variance in cooperation ratings beyond other candidate predictors such as age, education, time since injury, and emergency department GCS scores. Further inspection of the individual components of acute confusion indicated strong relationships between four confusion symptoms and therapy cooperation. Specifically, persons with increased daytime hypersomnolence, agitation, psychotic symptoms, and cognitive impairment demonstrated less cooperation during rehabilitation therapies. These findings suggest key symptoms of confusion that might be primary targets for behavioral or pharmacologic interventions intended to facilitate patient cooperation during rehabilitation therapies. To our knowledge, the current study is the first to examine the influence of confusion phenomenology on rehabilitation therapies. Given the limited opportunity for inpatient rehabilitation and decreasing lengths of stay, factors influencing the rehabilitation process are significant for potentially maximizing outcomes. Previous investigations have demonstrated the interrelationship of confusion symptoms to one another. Among the most severely confused, psychotic-type symptoms, daytime hypersomnolence, and nighttime sleep disturbance were the first symptoms of confusion to resolve. 5 As such, the interrelationships among these symptoms may suggest a model for targeting early interventions. For example, appropriate evaluation and subsequent treatment of factors contributing to daytime hypersomnolence may ultimately influence (i.e., improve) other confusion symptoms. Given the frequent rate of sleep disorders (e.g., sleep apnea) described in postacute samples of persons with TBI, earlier and thorough evaluation of these treatable conditions may influence neurobehavioral recovery. Future research should examine the interrelationships of symptoms of acute confusion to one another and identify potentially modifiable factors that influence subsequent outcome.
Study Limitations
This study relied on a global measure of cooperation as rated by rehabilitation therapists, which precluded examination of specific facets of cooperation (e.g., attendance rates, effort). Possibly, confusion severity and specific symptoms may differentially impact different aspects of cooperation. Moreover, patients were rated by a single therapist per session. Therapists' ratings may be subject to bias. We attempted to control for this by averaging cooperation ratings by multiple rehabilitation therapists and across several sessions. Cross-validation is recommended to establish greater confidence of study findings. Finally, the sample was relatively homogenous, consisting of adults with moderate to severe TBI. Results may not generalize to other patient populations.
CONCLUSIONS
Study results provide empirical support that greater PTC severity and specific PTC symptoms were associated with poorer cooperation. Although findings were not surprising, it does provide em-pirical justification for interventions to manage confusion in patients in early recovery from TBI.
